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Some 80% of subscribers anticipate moderate
to very strong conseguences of a G5-class
geomagnetic disturbance:
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Schrijver and Rabanal, 2013, Space Weather Journal doi:10.1002/swe.20092
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Geomagnetic variablility
and grid disturbances

2003-10-3020:03UT  sq b WM

, / I 1 i
-ln'ru'll - " ff ! A |/

" Growth in dependence on, and use!

of, electricity and satellites from

1997 to 2012:
Global population: +20%
/- Usage of electrical power: +60%
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o aTon o i yliu (CIfCIeES, oiue drna
red for opposite directions), computed from dB/dt and a model grid
configuration, for the 2003/10/30 Halloween storm a few minutes before the
failure In power delivery In Southern Sweden (Malmo).

Courtesy Ari Viljanen. 4
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Lou Lanzarotti (2008; doi:10.1029/20075SW000385)

- “To date, only a very few technical papers and discussions
In this journal and elsewhere have addressed economic
Issues In space weather. And those that do have tended
not to address the economics of design decisions. |
consider the absence of economic understanding of
space weather impacts a serious missing link between
space weather research and its applications.
Considerations of space weather and its importance to
commerce and society must become more interdisciplinary
In a broad sense: Economists must become interested and
iInvolved In providing the types of assessments that can aid
in defining research directions and mitigation procedures.”



Space-weather impacts:

"What are the societal and economic impacts of severe
space weather? [...] While this workshop, along with its
report, has gathered in one place much of what is currently
known or suspected about societal and economic impacts,
it has perhaps been most successful in illuminating the
scope of the myriad issues involved, and the gaps in
knowledge that remain to be explored In greater depth than
can be accomplished in a workshop. A quantitative and g
comprehensive assessment of the societal and economic SEVERE SPACE WEATHER EVENTS—
|mpkaE:ts:,| of severe space weather will be a truly daunting
task [...]"

1..]an estimate of $1 trillion to $2
trillion during the first year alone
was glven for the souetal and

UNDERSTANDING SOCIETAL AND ECONOMIC IMPACTS
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Impacts of a major geomagnetic storm

- For a “Quebec- and Carrington-like” event: Assuming 10% of
electricity supply is lost for one year, with Leontief's input-output
(I0) theory and associated tables:

- American storm; US$ 2.4 trillion
- European storm: US$ 3.4 trillion

. Asia-centered storm: US$ 3.1 trillion

estimated for future c
change.”

From H. Schulte in den Bdumen, D. Moran , M.
Lenzen, I. Cairns, and A. Steenge; Nat. Hazards

Figure 3, Effects of scénano 1, a Quebac 1989.hike event centered over the Amencas. Globally
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Effects of GMD on US power grid

The ‘'moderate’ geomagnetic
storms of the past decade have
Impacts on the power grid and
on the economy through ‘grid
disturbances’ and insurance
claims: it does not take a major
storm for measurable effects:

On top 10% of geomagnetically
active dates: ~20% increase In
Insurance claims.
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From C. J. Schrijver, R. Dobbins, W. Murtagh, and S. M.
Petrinec; Space Weather, 2014 DOI 10.1002/2014SW001066
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Grid disturbance reports and insurance claims reveal that
geomagnetic disturbances contribute to, if not directly cause,
power-quality variations with economic impacts, even in non-
extreme conditions.

Estimated impacts of “power outages and power quality
disturbances” to the overall economy:

US: US$100—180 bi”iOn/year (from a study commissioned by the US Electric Power Research
Institute, 2001)

25'COuntry EU: =10]0]10).@ € 150 bi”ion/year (from a study by Manson and Targosz, 2008)
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grid inferred via insurance clalr@ electrical/electropic industrial
equipment is likely ~5% of total, i.e., ~US$5—10 billion/year.
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How severe can space weat
- " storms be?
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International roadmap

Improving understanding and forecasts of space weather requires
addressing scientific challenges within the network of physical processes that
connect the Sun to society. The roadmap team identified the highest-priority areas
within the Sun-Earth space-weather system whose advanced understanding is
urgently needed. The roadmap recommends actions towards such advanced
understanding, focusing on the general infrastructure to support research as well as
on specific concepts for instrumentation to meet scientific needs
General recommendations:

Research: observational, computational, and theoretical needs

a) Advance the international Sun-Earth system observatory along with models to
improve forecasts based on understanding of real-world events through the
development of innovative approaches to data incorporation, including data-
driving, data assimilation, and ensemble modeling;
Understand space weather origins at the Sun and their propagation Iin the
heliosphere, initially prioritizing post-event solar eruption modeling to develop
multi-day forecasts of geomagnetic disturbance times and strengths, after
propagation through the heliosphere;
Understand the factors which control the generation of geomagnetically-induced
currents (GICs) and of harsh radiation in geospace, involving the coupling of the
solar wind disturbances to internal magnetospheric processes Ja
magnetosphere and the ionosphere below;
Develop a comprehensive space environment specifics
research and engineering designs, later to suppa

Teaming: coordinated ¢
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reverse of this flier) that reflect a blend of the md
need, technological feasibility, and likelihood of
needs recommendations of preceding one(s) imp
but can be initiated in parallel. The pathways are
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Differential needs ana
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Character of requirements

Karel Schrijver

Pathway I-1: Quantify active-region magnetic structure for nascent coronal ejections.
Binocular vision for the corona. The quantitative description of the ’

solar magnetic field in coronal mass ejections requires surface field u;u
maps plus stereoscopic coronal imaging at ~1 arcsec resolution. To :
forecast geomagnetic storm strengths more than 12 hrs ahead sion 'o":,
EUV images from ~10°-20" off the Sun-Earth line matching those solar

from Earth perspective, with contiguous coronagraph images.

3D mapping of solar field involved in eruptions. Knowing

filament configuration and its embedding field in the

active regions is key to feeding heliospheg

Mapping the multi-thermal plasma

surface at high-resolutigg

provides criticg
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and propagation of SEPs from Sun to Earth.
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Understanding space
weather to shield society

2014110724
An intergadional, interdisciplinary roadmap to advance the scientific
ng of the Sun-Earth connections leading to space weather,
OSPAR and the International Living With a Star program

cnes. friscientific-structure/cospar-scientific-roadmaps
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Bast . of the Sun-soclety system;
- * : ﬂ,,noo-woalher data and information policy;
. a5 10 quality education & information materials;

-, _osithe state of the field on a 5-yr basis to adjust priorities and to
guldo international coordination;

I) Develop settings to transition research models to operations;

m) Strengthen partnerships to share lessons-learned.

.

Highest-priority research areas to improve space weather information:

1. Quantify active-region magnetic structure to model nascent coronal
mass ejections;

2! Understand solar wind-magnetosphere-ionosphere coupling dynatmcs
Inducing strong currents;

3. Know the global todrive models of the solar-wind ptuma
ond‘hagnellc field from Sun to Earth;

4. Learn to quantify the state of the coupled magnetosphere-lonosphere
system; -

5. Understapgithe radiation belts thrdbngic obsiaatl’on-based
modeling;

6. Understand solar energetic parﬂcles lhroughuﬂ the Sun Earth system

Lockheed Martin Advanced Technology Center



Deployment of new/additional instrumentation,
to add to existing observational resources and to
modeling capabilities to be developed soon:

[I: Data-driven dynamic
radiation-belt modeling
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